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INTRODUCTION. 

During  the  past  few  years  there  has  "been  man  if  ested 
increasing  interest  in  the  results  obtained  by  treating  plants 
with  solutions  of  the  heavy  metals.     In  the  experiments  here- 
tofore conducted  the  roots  were  grown  for  definite  periods  of 
time  in  dilute  solutions  of  the  salts  of  the  heavy  metals  in 
water,  or  subjected  to  the  action  of  these  salts,  by  sprinkling 
the  soil  in  which  the  plants  grew  with  water  containing  them 
in  solution. 

The  results  obtained  by  these  various  investigators 
may  be  grouped,  in  so  far  as  physiological  action  is  concerned, 
as  follows:-  (1)  They  cause  no  visible  effect,  that  is,  the 
solution  is  too  attenuated.     (2)  They  cause  a  marked  increase 
in  growth,  that  is,   they  act  as  a  stimulus.     (3)  They  cause 
a  retardation  of  growth  and  finally  death,  that  is,  they  are 
toxic . 

Jenson;and  Kanda^noted  the  effects  of  different 
concentrations  of  solutions  of  copper  sulphate,  lead  nitrate, 
silver  nitrate  and  zinc  sulphate  upon  Vicia,  Pisum  and  wheat. 
They  found  that  dilute  solutions  of  copper  sulphate  passed 
from  the  non-toxic  to  the  toxic  action  without  the  usual 
intermediate  concentration  acting  as  a  stimulant. 

Jenson  found  that  the  salts  of  nickel  were  more 
poisonous  to  the  plant  in  soil  cultures  than  in  water  cultures. 
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For  the  salts  of  silver,  he  found  the  reverse  to  be  true. 
He  further  found  that  the  stimulating  action  of  small  quantities 
of  these  salts  was  more  marked  in  soil  cultures  than  in  water 
cultures . 

Loew,3  Aso  ,  and  Sujuki  working  with  sodium  fluoride, 
potassium  iodide  and  uranium  nitrate  showed  that  these  salts 
possessed  the  three  phases  of  physiologic  action  to  which 
reference  was  made  above.     The  stimulating  action  of  the 
intermediate  concentration  is  well  shown  in  the  increase  of 
yield  of  peas  and  oats  as  follows: 
1.  Produktion  im  Vergleich  zum  Kontrollf all 

Erbsenpf lanzen  Haf erpf lanzen 

Pflanzen-  Samen  mehr  Pflanzen-  Samen  mehr 

substanz  f0  substanz  f0 

uranylnitrat      1,33  fach  27,1  1,14  fach  24,7 
0,012  g 

Fluornatrium      1,32     »  17,2  1,05       "  13,0 
0,006  g 

Jodkalium           1,23     »  13,4  1,23       "  19,2 

1.  Taken  from  Loew  -  "TUber  Reizmittel  des  Pf lanzenwachs turns 
und  deren  praktische  Anwendung."    Landwir tschaf tliche 
Jahrbticher.  V.   32  p  446. 
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Whereas  all  of  these  investigators  in  a  general  way- 
prove  the  stimulating  action  of  certain  solutions  as  manifested 
in  growth  reaction  and  yield,  they  in  no  instance  attempt  to 
determine  the  action  of  these  solutions  upon  the  cell  itself. 
Now  since  growth  and  development  are  dependent  so  intimately 
on  cellular  activity,  1  felt  that  a  study  of  the  action  of  a 
salt  of  one  of  the  heavy  metals  was  warranted.     1  chose 
uranium  nitrate  for  such  experiments. 

Methods . 

The  seedlings  of  Vicia  faba  used  in  the  series  of 
experiments  that  follow,  were  selected  from  a  large  number  on 
the  basis  of  uniformity  and  rate  of  growth  of  the  root. 
Because  of  irregularities  in  the  rate  of  growth,  it  was 
necessary  to  germinate  a  much  larger  number  than  were  used 
in  the  experiment.     Best  results  were  obtained  when  the  seeds 
were  soaked  in  water,  for  from  twelve  to  eighteen  hours, 
washed  thoroughly  under  the  tap  for  several  minutes,  and  then 
planted  in  sphagnum.     In  from  four  to  five  days  the  seedlings 
were  ready  to  transfer  from  the  sphagnum  to  water.     The  roots 
were  passed  through  a  wire  netting  and  extended  into  water. 
This  transfer  was  made  when  the  roots  were  from  one  to  two 
centimeters  long.      Prom  eighteen    to  twenty-four  hours  later, 
the  roots  were  immersed  in  a  solution  of  uranium  nitrate.  They 
7/ere  subjected  to  tne  action  of  the  solution  for  various 
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intervals  of  time  and  were  then  in  part  fixed,  and  in  part 
transferred  to  water  for  tne  purpose  of  studying  the 
reconstruction  phases. 

The  solutions  were  made  with  distilled  water  and  used 
once  only.     In  the  first  experiment  a  two  per  cent  solution  was 
used  and  eight  seedlings  placed  in  it.     Four  of  these  seedlings 
remained  in  the  solution  one-half  hour,  the  rest  for  one  hour; 
after  these  periods  they  were  transferred  to  water.  Twenty- 
four  and  forty-eight  hours  later,  the  epidermal  tissue  was 
somewhat  darkened,  and  in  consequence  of  transverse  and 
longitudinal  cracks,   it  presented  a  scaly  appearance.  These 
effects  were  more  marked  in  the  roots  which  had  had  a  longer 
immersion. 

In  the  subsequent  experiments  the  roots  were  used 
for  microscopical  examination.     The  roots  were  immersed  one- 
half  hour,  one  hour,  one  and  one-half  hours,  two  hours,  and 
two  and  one-half  hours.     The  concentration  of  the  solution  of 
uranium  nitrate  used  was  one,  one  and  one-lialf,  and  two  per 
cent.     In  less  concentrated  solutions  tne  time  of  immersion 
was  increased.     The  normal  roots  used  for  comparison  were 
fixed  after  they  had  remained  in  water  from  eighteen  to  twenty- 
four  hours.     Fixations  were  made  immediately  after  immersion 
in  the  uranium  nitrate  solution,  and  after  subsequent  growth 
in  water  for  four  hours,  eighteen  hours,  and  thirty  hours. 

The  fixing  solution  was  Corrosive  Sublimate  made  up 
as  f ollows :  Three    grams  of  Mercury  bichloride,   three  cubic 
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centimeters  of  glacial  acetic  acid  and  one  hundred  cubic 
centimeters  of  fifty  per  cent  alcohol.  After  the  tissue  was 
fixed  and  washed  it  was  dehydrated  and  taken  through  chloroform 
to  paraffin  of  45°   -  52°  C.     Longitudinal  sections  were  cut 
7. and  stained  with  Heidenhains  iron  Haematoxylin . 

In  staining  the  sections,  they  were  placed  in  the 
iron  alum  solution  for  three  hours,  then  washed  in  running 
water  for  one-half  hour,  after  which  they  were  placed  in  the 
Haematoxylin  solution  for  from  twelve  to  eighteen  hours.  They 
were  washed  in  running  water  one-half  hour,  destained  in  the 
iron  alum,  washed  one-half  hour,  dehydrated  and  cleared  in 
cedar  oil  and  mounted  in  canada  "balsam. 

The  drawings  were  made  with  the  camera  lucida  using 
l/l2  and  l/6  objectives. 

The  Effect  of  Uranium  Nitrate  on  the  Cells  of 

the  Root. 

In  comparing  the  cells  of  roots  which  have  been 
subjected  to  the  action  of  uranium  nitrate  with  those  from  a 
normal  root,   the  general  effect  is  as  follows:  In  the  cells  of 
the  normal  we  find  quite  thin  cell  walls,  frothy  cytoplasm  and 
a  large  nucleus.     Fig.   1.     The  nucleus  in  the  resting  stage  has 
one  or  two  large  nucleoli  which  take  an  intense  stain  and  are 
very  often  surrounded  by  a  clear  space.     Surrounding  this  clear 
space  is  the  linin  network  on  which  the  chromatin  granules  are 
collected.     In  the  normal  roots,  there  are  cells  in  various 
stages  of  division.     As  the  resting  nucleus  begins  to  divide, 
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the  nucleolus  becomes  irregular  in  shape  and  the  chromatin 

collects  on  the  linin  thread  giving  it  a  headed  appearance. 

This  thread  splits  longitudinally  and  forms  the  spirem  stage. 

At  this  time  there  is  a  felt-like  mass  of  kinoplasmic  fibers 

surrounding  the  nucleus  and  separated  from  it  by  a  clear  space. 

This  felt-like  mass  of  fibers  forms  the  "polcap"  as  observed 

by  Hof  .     The  spindle  fibers  are  gradually  formed,  while  the 
5 

chromatin  thread  divides  transversely  and  the  J"  shaped 
chromosomes  arrange  themselves  on  the  equatorial  plate  of  the 
spindle.     They  then  separate  and  move  to  the  poles  of  the 
spindle  to  form  the  daughter  nuclei i.     A  thin  ectoplasmic 
membrane  forms  in  the  equatorial  plane  and  then  the  cell  plate 
is  formed. 

1.  Roots  of  Vicia  faba  subjected  to  the  action  of  a 
two  per  cent  solution  of  uranium  nitrate  for  one-half  hour. 

In  the  roots  fixed  immediately  upon  removal  from  the 
uranium  nitrate  solution,  the  entire  cells  are  affected  to  a 
greater  or  less  degree.     The  cytoplasm  of  the  cells  is  quite 
vacuolate  and  is  speckled  over  with  granules  of  extruded 
chromatin.  This  is  shown  more  especially  around  the  larger 
vacuoles  that  are  located  next  the  inner  cell  walls.     The  cells 
take  a  diffuse  stain  and  the  cell  walls  of  the  meristematic 
tissue  and  cambial  layer  are  indistinct. 

In  the  stele  the  cell  walls  are  broken  down  and  as 
growth  takes  place  this  area  becomes  larger.  The  nucleii  of 
the  former  cells  together  with  small  masses  of  cytoplasm  are 
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present.     After  several  hours'  growth  the  cytoplasm  and  nucleii 
may  disappear  leaving  large  empty  cavities  in  the  stele. 

In  the  resting  nucleii  of  the  cells  treated  as 
indicated,   the  nucleolus  shows  an  increase  in  size  and  has 
granules  of  chromatin  adhering  to  its  surface.     The  nuclear 
membrane  is  poorly  defined  due  to  the  deposit  of  chromatin 
upon  it.     The  chromatin  matter  is  collected  in  much  larger 
masses  on  the  linin  network.     Fig.   11.2a.     In  many  of  the 
nucleii  there  are  two  nucleoli  while  in  others  the  dumb-bell 
shaped  nucleolus  indicates,  in  my  opinion,  the  manner  in  which 
the  two  nucleoli  are  formed.     The  nucleii  of  some  of  the  cells 
show  clear  areas  or  pouches  on  the  side  of  the  nucleus.  Pig.  11- 
2b. 

Irregularities  may  he  noted  in  cell  division, 
especially  at  the  time  when  the  daughter  nucleii  are  forming. 
The  daughter  spirems  do  not  form  simultaneously,  but  one  may 
be  in  the  process  of  forming  before  the  chromosomes  of  the  other 
reach  the  pole.     In  other  instances  the  spindle  fibers  become 
very  much  shortened  and  the  daughter  nucleii  come  in  contact 
and  flatten  at  the  place  of  contact. 

In  the  endodermal  tissue  the  nucleii  are  irregular  in 
shape,  come  are  lobed.  Two  nucleii  are  present  in  a  few  cells, 
one  usually  much  larger  than  the  other. 

11.     Roots  of  Vicia  faba  subjected  to  the  action  of 
a  two  per  cent  solution  of  uranium  nitrate  for  one  hour. 

In  the  roots  fixed  after  remaining  in  the  salt 
solution  one  hour  the  cells  are  active  in  stages  of  division. 
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In  the  endodermal  tissue  the  injury  seems  to  be  greatest,  and 
the  cells  are  more  diffusely  stained.     Two  nucleii  are  present 
in  some  cells,  one  usually  "being  much  larger  than  the  other 
as  already  mentioned.  Fig.  6-1.     The  cytoplasm  of  the  cells 
is  quite  vacuolate,  giving  it  a  spongy  appearance,  and  has 
distributed  through  it  the  granules  of  extruded  chromatin. 

In  the  resting  nucleus  there  is  a  slight  decrease  in 
the  size  of  the  nucleolus  and  an  increase  in  the  amount  of 
chromatin  on  the  linin  network.     The  large  masses  of  chromatin 
present  on  the  linin  network  are  probably  due  to  the  union  of 
smaller  granules.     This  is  indicated  by  the  granular  appearance 
of  these  larger  masses. 

111.  Roots  of  Vicia  faba  subjected    to  the  action  of 
a  two  per  cent  solution  of  uranium  nitrate  for  one-half  hour 
and  four  hours  subsequent  growth  in  water. 

After  four  hours'  growth  in  water  the  cells  of  the 
meristem  and  cambial  layer  are  diffusely  stained  and  show  signs 
of  disintegration.     An  increased  amount  of  extruded  chromatin 
in  the  form  of  granules  is  present  in  the  cytoplasm  of  the 
meristematic  cells  and  the  cambial  layer. 

In  roots  treated  as  indicated  few  cells  were  in 
stages  of  division.     The  nucleii  are  mostly  in  the  resting 
stage  and  the  nucleolus  has  decreased  in  size.     On  the  linin 
network  there  is  an  increase  in  chromatin  matter  and  it  is 
collected  into  large  masses.     These  masses  of  chromatin  are  in 
many  instances  as  large  as  the  nucleolus  itself. 
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In  this  first  reconstruction  stage  there  is  no  change 
in  the  cells  which  contain  two  nucleii,  and  in  cells  which 
show  irregularities  in  stages  of  division. 

In  the  stele  there  is  present  a  long  area  containing 
several  nucleii  imbedded  in  cytoplasm.     This  seems  to  have  been 
caused  by  the  unequal  growth  of  two  layers  of  cells  that  were 
connected.     The  appearance  of  this  area  would  indicate  that  the 
outer  layer    of  cells  was  more  affected  by  the  salt  and  did  not 
grow  as  rapidly  as  the  inner  layer.     This  unequal  growth  of  the 
two  layers  caused  the  breaking  of  the  cell  walls  and  a  fusion 
of  the  cj'toplasm  and  nucleii  of  the  cells  thus  broken,  into  a 
common  mass.     The  nucleii  present  are  for  the  greater  part  in 
the  resting  stage.     The  nucleii  in  division  1  would  conclude 
ire  re  in  this  stage  at  the  time  when  the  cell  walls  were  broken 
down.    However,  there  is  not  sufficient  evidence  to  prove 
definitely  this  conclusion. 

IV.     Roots  of  Vicia  faba  subjected  to  the  action  of 
a  two  per  cent  solution  of  uranium  nitrate  for  one  hour  and 
four  hours  subsequent  growth  in  water. 

After  four  hours'  growth  in  water  the  vacuolate 
appearance  of  the  cytoplasm  is  shown  more  in  the  cambial  layer 
than  in  the  other  tissues.     A  small  amount  of  chromatin  is 
present  in  the  cytoplasm  of  the  meristematic  cone  cells  and  a 
larger  amount  in  the  cytoplasm  of  the  cells  of  the  cambial 
layer.     Fnile  fev.r  cells  were  found  in  division  in  the  roots 
fixed  immediately  after  immersion  in  the  salt  solution  for  one 
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hour,  many  cells  are  now  found  in  the  various  stages  of  division 
Among  them  are  many  showing  irregularities,  chiefly  in  the  move- 
ment of  the  chromosomes  to  the  poles.     Little  masses  of  chro- 
matin are  scattered  through  the  cytoplasm  of  some  of  these  cells 
and  often  these  cling  to  the  spindle  fibers.     In  a  few  cells 
with  spindles  present  large  nucleolar  masses  were  found  near 
the  poles  of  the  spindle,  as  in  Pig.   7.     The  chromosomes  vary- 
widely  in  length  and  thickness,  some  are  long  and  slender  while 
others  are  short  and  thick.    A  few  ""bridge"  nuclei  i  are  present. 
Fig.  3a  and  3"b.     In  the  resting  nucleus,   the  nucleolus  shows 
an  increase  in  size,  while  the  amount  of  chromatin  present  on 
the  linin  network  has  decreased.     Two  nucleii  are  commonly 
present  in  the  cells  of  the  endodermis.     In  many  instances  the 
smaller  nucleus  is  disintegrating.     The  roots  with  the  scaly 
epidermis  show  a  deadening  of  the  cells  in  the  vicinity  of  the 
cracks . 

In  the  stele  and  inner  region  of  the  root  cap  the 
cell  walls  have  in  places  broken  down.     The  walls  of  the  cells 
are  ruptured  but  have  not  disappeared  and  thus  the  tissue  seems 
to  be  made  up  of  cells  only  partial3y  enclosed  by  walls.  Pig.  4. 
This  condition  may  be  due  to  the  unequal  growth  of  the  various 
tissues  as  already  described.     The  stele  and  root  cap  not  being 
injured  as  greatly  as  the  meristem  and  cambial  layer  by  the  salt 
solution,  the  growth  processes  take  place  more  rapidly  in  these 
regions  and  the  cell  walls  owing  to  this  unequal  growth  are 
ruptured. 
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V.  Roots  of  Vicia  faba  subjected  to  the  action  of  a 
two  per  cent  solution  of  uranium  nitrate  for  one-half  hour  and 
eighteen  hours  subsequent  growth  in  water. 

Roots  fixed  at  this  period  present  more  nearly  the 
normal  appearance.     There  is  still  a  small  amount  of  extruded 
chromatin  present  in  the  cytoplasm.     This  is  true  especially 
in  the  cambial  strands.     The  areas,  already  referred  to,  formed 
by  tile  breaking  down  of  cell  walls,  are  present  in  the  stele 
and  endodermal  tissue  near  the  root  tip.     Long  cells  with  two 
nucleii  of  equal  size,  as  in  Pig.  8  are  occasionally  found  in 
the  stele.     There  is  every  evidence  that  the  cell  is  formed  by 
the  breaking  down  of  tne  common  wall  of  two  cells. 

VI.  Roots  of  Vicia  faba  subjected  to  the  action  of 
a  two  per  cent  solution  of  uranium  nitrate  for  one  hour  and 
eighteen  hours  subsequent  growth  in  water. 

After  the  lapse  of  eighteen  hours  the  effect  of  the 
salt  is  still  noticeable.     A  small  amount  of  extruded  chromatin 
in  the  form  of  granules  is  found  in  the  cytoplasm.     In  the 
endodermal  tissue  cells  with  the  two  nucleii  of  unequal  size 
are  found  and  the  smaller  one,  in  most  instances,   is  disintegra- 
ting.    A  great  many  nucleii  are  in  the  resting  stage  and  the 
nucleolus  has  decreased  in  size  while  the  amount  of  chromatin 
present  on  the  linin  network  has  increased. 

VII.  Roots  of  Vicia  faba  subjected  to  the  action  of 
a  two  per  cent  solution  of  uranium  nitrate  for  one-half  hour 
and  one  hour  and  thirty  hours  subsequent  growth  in  water. 
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The  cells  of  roots  treated  as  above  indicated  show 
very  similar  results.     The  cells  are  of  very  nearly  normal 
appearance.     A  small  amount  of  extruded  chromatin  is  found  in 
the  cytoplasm.     The  cells  are  active  in  stages  of  division 
and  these  stages  are  normal.     The  resting  nucleii  have  quite 
large  nucleoli  and  the  chromatin  on  the  linin  network  is  in 
small  granules  as  in  the  normal  cells.     In  the  stele  and 
endod^rais,  however,   the  multinucleate  areas  are  present  and 
unchanged  in  appearance. 

Discussion . 

In  connection  with  the  toxic  effect  of  solutions  on 
the  plant  cell,  the  question  of  amitosis  has  been  discussed. 
Iv,'athanson5  made  observations  on  plants  which  had  been  subjected 
to  the  influence  of  cold  and  drugs,  and  concluded  that  amitotic 
division  of  the  nucleus  can  be  produced  artificially. 
Wasielewski      from  results  obtained  by  treating  peas,  beans  and 
onions,  with  chloral  hydrate,  concluded  that  amitotic  division 
took  place  in  the  root  cells.     He  observed  that  after  a  time 
these  irregularities  are  followed  by  normal  mitotic  divisions. 

Nemec      going  over  Wasielewski • s  work  reaches  the  very  opposite 
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conclusion.     He  observed  the  abnormal  divisions,   the  "bridge" 
nucleii,  lobed  nucleii  and  multinucleate  cells  and  concluded 
that  they  are  merely  abnormal  mitotic  divisions  in  which 
chromosome  formation  and  splitting  still  occurs.  Van  Wisselingh 
concluded  that  the  abnormal  processes  observed  are  mitotic 
divisions  though  modified  to  a  greater  or  less  extent.  Later 
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Strasburger        repeated  the  work  and  agreed  with  Nemec  that 
amitosis  does  not  take  place  and  reaches  conclusions  essentially 
the  same  as  Nemec. 

My  studies  on  the  effect  of  uranium  nitrate  solutions 
on  cell  division  of  Vicia  compel  me  to  conclude,  with  Nemec 
and  others,  that  the  abnormal  divisions  are  modified  mitotic 
rather  than  amitotic  divisions.     The  irregularities  noted  in 
stages  of  cell  division  are  not  present  in  dividing  nucleii 
until  the  chromosome  formation  and  splitting  has  occurred. 
The  irregularities  noted  are  chromosomes  not  moving  to  the 
poles  regularly  and  the  daughter  nucleii  not  forming  simul- 
taneously.    In  some  instances  the  one  daughter  nucleus  is  in 
the  spirem  stage  before  the  chromosomes  reach  the  other  pole. 
The  flattened  nucleii  of  some  cells  are  caused  by  mutual  contact 
with  each  other  due  to  the  excessive  shortening  of  the  spindle 
fibers.     In  the  endoderraal  tissue  the  nucleii  are  irregular 
in  shape,  some  showing  distinct  lobes.     Cells  with  two  nucleii, 
one  usually  much  larger  than  the  other  are  frequent.  My 
observations  lead  me  to  conclude  that  the  two  nucleii  arise 
by  a  fragmentation  or  budding  process.     The  cells  in  the  stele, 
with  two  nucleii  of  equal  size  are  very  long  and  it  is  clear 
that  this  condition  is  caused  by  the  breaking  down  of  the 
common  wall  of  two  cells,  as  has  been  described. 

The  effects  of  uranium  nitrate  solutions  on  Vicia 
vary  in  degree  only,   that  is,  the  action  is  more  violent  with 
longer  immersions  or  more  concentrated  solutions.     In  a  general 


14 


way  uranium  nitrate  solutions  produce  or  cause  changes  in  the 
root  cells  as  follows:   (1)  irregularities  in  stages  of  nuclear 
division,   (2)  vacuolated  cytoplasm,   (3)  extruded  chromatin,  in 
the  form  of  granules,  in  the  cytoplasm.     In  a  few  cells  of 
certain  roots  there  is  extruded  chromatin  in  nucleolar  forms. 
Fig.  9. 

Throughout  this  series  of  experiments,   it  is  found 
that  a  decrease  in  nucleolar  substance  is  in  every  case 
associated  with  an  increase  of  chromatin.     Roots  whose  cells 
show  an  increase  of  this  chromatin  content  of  the  nucleii  always 
show  few  nucleii  in  mitotic  division.    However,  many  cells  are 
in  stages  of  division  when  the  nucleoli  are  large  and  the 
chromatin  is  disturbed  on  the  linin  network  in  small  granules. 

In  a  general  way  the  effects  of  the  uranium  nitrate 
solutions  may  he  said  to  cause  unequal  growth  in  the  various 
tissues.     As  a  result  of  this  unequal  growth  the  multinucleate 
areas  in  the  stele,  endodermis,  and  root  cap,  which  have  already 
been  described,  are  formed.     These  areas  once  formed  undergo, 
so  far  as  my  observations  enable  me  to  follow,  no  reconstruction 
even  after  a  period  of  thirty  hours'  growth  in  water.  The 
nucleii  in  these  areas  are  alive  and  of  normal  appearance.  The 
meristematic  tissue  seems  to  receive  the  greatest  injury  from 
the  salt  solution  and  it  is  slowest  to  recover. 

The  transverse  cracks  which  appear  on  the  roots, 
after  a  few  hours  of  growth  in  water,  are  evidently  caused  by 
injury  to  the  tissues  by  the  salt  solution  and  the  subsequent 
growth  of  the  less  injured  tissues  below. 
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Summary  of  Results. 
Uranium  nitrate  solutions  of  from  one  to  two  per 
cent  acting  from  one-half  to  one  hour  on  Vicia  give  effects 
on  the  cells  as  follows: 

1.  The  cytoplasm  "becomes  vacuolate  and  contains 
extruded  chromatin  granules,  more  especially  in  the  cambial 
layer. 

2.  The  chromatin  has  "been  withdrawn  from  the  linin 
network  and  deposited  on  the  nuclear  membrane  and  nucleolus. 
In  some  roots  the  nucleolus  has  decreased  in  size  while  the 
amount  of  chromatin  on  the  linin  network  has  increased. 

3.  Irregularities  in  mitotic  division  are  of  frequent 
occurrence.    Daughter  nuclei i  are  at  different  stages  of 
development.     Chromosomes  do  not  move  in  the  regular  way  to 
the  poles  of  the  spindle.     "Bridge"  nuclei i  are  present. 

4.  in  the  endodermal  tissue  cells  with  two  nucleii, 
one  much  larger  than  the  other,  are  common.     The  smaller  one 
disintegrates  after  a  few  hours'  growth  in  water. 

5.  Long  cells  in  the  stele  containing  two  or  three 
large  nucleii  of  equal  size  are  present.  This  is  apparently 
brought  about  by  the  breaking  down  of  the  common  wall  of  two 
cells . 

6.  The  multinucleate  areas  found  in  the  root  cap, 
stele  and  endodermal  tissue  are  caused  by  an  unequal  growth, 
resulting  from  the  unequal  effect  of  the  salt  on  the  various 
ti  ssues . 
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Explanation  of  Drawings. 

All  drawings  were  cade  with  a  camera  lucida  using  a 
one  inch,  ocular  and  l/6  and  l/l2  Bausch  and  Lomb  objectives. 
1-1.  Cell  in  resting  stage  taken  from  a  normal  root. 
11  -  2a.     Cell  from  root  which  had  been  immersed  in  uranium 
nitrate  solution  for  one-half  hour.     Shows  chromatin 
collected  in  large  masses  on  linin  network  and  adhering 
to  surface  of  nucleolus  and  nuclear  membrane. 

II  -  2b.     Cell  from  root,  showing  the  pouch  on  the  nucleus  and 

a  small  amount  of  extruded  granular  chromatin, 

III  -  3a  -  3b.  Cells  showing  "bridge"  nucleii,  and  small  amounts 

of  extruded  chromatin. 

IV.  Drawing  of  a  region  in  the  stele  with  the  cell  walls 
partially  broken  down. 

V.  A  multinucleate  area  in  the  endodermal  tissue,  arising  from 
the  unequal  growth  of  the  tissues. 

VI  6  -  1.  A  cell  from  the  endodermal  tissue  showing  two  nucleii, 
one  much  larger  than  the  other. 

VII.  Cell  in  division  with  a  large  nucleolar  mass  near  one  pole 
of  the  spindle. 

VIII.  A  long  cell  from  the  stele  with  two  nucleii  of  equal  size. 
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This  was  probably  caused  "by  the  breaking  down  of  the 
common  wall  cf  two  cells. 
IX.     Cells  showing  extruded  chromatin  resembling  nucleolar 
masses  in  the  cytoplasm. 
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